A fully functional radiant warmer induced rapid and continuous increases in regional skin temperatures, heart rate, mean arterial blood pressure and respiratory rate in a newborn patient without corrective action. We report this case of passive overheating to create awareness of the risks associated with regulating radiant heat output based upon a single servo-controlled temperature.
INTRODUCTION
Thermal homeostasis is essential to ensure the growth and survival of newborn infants. 1 Inadvertent rises in core temperature may induce apneic episodes, 2 and even sudden death. 3, 4 Indeed, even small tissue temperature changes can increase the risk of neonatal mortality. 1, 5 Neonatal intensive care units (NICUs) often employ radiant warmers (RWs) to maintain a stable body temperature in many newborns, as relative to incubators, these devices allow increased visibility and access to the patient. However, some reports suggest RWs predispose infants to a risk of passive overheating. [6] [7] [8] [9] Previous cases have been attributed to manual operational error (for example, inappropriate use of manual control mode, displacement of servo-controlled temperature probe, 6 or malfunctioning units). 9 The present case report details the acute thermometric, cardiovascular and respiratory responses of a neonate during an accidental bout of passive overheating induced by a fully functional RW in servocontrol mode used in accordance with standard care procedures. CASE A female patient was born at 38 weeks and 4 days of gestation by cesarean with a birthweight of 3583 g. Apgar scores were 8 and 8, at 1 and 5 min respectively. The patient was admitted to the NICU for Ebstein's anomaly of the heart and respiratory distress syndrome. The patient was intubated and stabilized under high frequency ventilation before being weaned down to conventional ventilation after 18 h. Prostaglandin was administered at 0.05 mg kg À 1 min À 1 and dopamine at 3 mg kg À 1 min
. Although prostaglandin is known to cause fever in some newborn infants, 10 no fever was detected in this patient as evidenced by a rectal temperature o38.0 1C. The patient was kept under a standard infant RW (Giraffe Warmer, GE Healthcare, Helsinki, Finland) set to servo-control mode at a temperature of 36.5 1C, measured on the skin at a single point over the anterior portion of the abdominal wall according to standard care procedures.
11
The patient was enrolled in an observational study examining neonatal heat balance. Within the scope of this study, local skin temperatures of the abdomen, chest, arm and forehead were measured using adhesive thermistors (Concept Engineering, Old Saybrook, CT, USA) with a reflective covering, while rectal temperature was measured using a general purpose pediatric thermistor probe (400 Series, Model# ER400-9, Smiths Medical, Dublin, OH, USA). All data were measured continuously and sampled at 1 Hz. Heart rate (HR), mean arterial pressure (MAP), respiratory rate (RR), RW servo-controlled temperature and RW output were recorded every minute.
Over the first 63 min of data collection, servo-controlled temperature steadily declined from 37.0 to 36.3 1C and RW output remained between 0 and 10%. Over the next 9 min, RW output increased incrementally from 5 to 100%, however, servocontrolled temperature only increased by 0.2 1C (to 36.5 1C). RW output then remained at 100% (a radiant heat load of B230 W m À 2 ) for the next 10 min with only a further 0.2 1C increase in servo-controlled temperature (to 36.7 1C). Concomitantly, a rapid and continuous increase in all regional skin temperatures occurred (Figure 1a) , with chest, abdominal and arm skin temperatures reaching peak values of 38.8, 37.8 and 37.8 1C, respectively, which is considered empirical evidence of overheating in newborn infants. 12, 13 In parallel, MAP, HR and RR increased to 55.2 mm Hg, 155 beats per minute and 83 breaths per minute, respectively, from mean pre-heating values of 46.0 mm Hg, 131 beats per minute and 45 breaths per minute (Figures 1b and c) . Upon observing climbing vital signs, local skin temperature elevations, and that the patient's skin had turned red, the attending nurse intervened by manually turning off the RW.
The eventual outcome was death of the patient 26 days following the reported bout of overheating due to complications relating to pulmonary hypertension associated with Ebstein's anomaly and not temperature instability.
DISCUSSION
In contrast to previous reports, 6,7,9,14 the present case details an accidental bout of overheating with a fully functional RW used according to standard care procedures, with a servo-controlled temperature probe intact and correctly placed. The sustained exposure to a high radiant heat flux caused a disproportionate increase in local skin temperatures relative to servo-controlled temperature and rectal temperature. Although the patient did not become hyperthermic per se (rectal temperature increased by B0.5 1C), without a manual intervention hyperthermia and/or skin burns may have been sustained. Furthermore, an elevated cardiovascular and respiratory strain secondary to rapid increases in skin temperature did arise ( Figure 1b) . As one of the primary goals of the NICU is to stabilize newborns in order to promote recovery and growth, it is vital to mitigate all bouts of thermal strain, particularly those actively induced by a nursing apparatus. 14 It is probable that in many patients an elevation in both cardiovascular and respiratory strain caused by an accidental bout of acute heat stress could lead to further complications associated with their pre-existing condition, thereby prolonging their time to recovery. Additionally, bouts of passive overheating have been shown to extend periods of ischemia in patients having suffered hypoxic-ischemic brain injury, 15 and expose patients with gastroschisis or any open wounds to an increased risk of infection. 3 This particular case of accidental overheating raises two specific points of concern for RW operation in servo-control mode. First, RW output is solely regulated by a single measure of local skin temperature, which increases the potential for over/under heating. Given that servo-controlled temperature relates poorly to body heat content, it is likely that the rate of radiant heat provided to the infant by the RW device does not equal the rate of radiant heat required for heat balance, leading to transient periods of heat storage and debt. Second, the variable distance between the radiant heat lamp and the various regions of the infant's skin surface creates an uneven pattern in radiant heat flux density across the body. Accordingly, skin regions in closer proximity to the heat lamp (that is, the head and chest) are exposed to a higher rate of radiant heat, and therefore a greater increase in temperature and subsequently a risk of burning, than those further away from the heat source (that is, the abdomen and legs).
The present case demonstrates that physicians and nurses should be aware that newborns are still at risk of rapid overheating, with the absence of alarms, even under a fully functional RW in servo-control mode. Although overheating cases may be rare, servo-controlled temperature should not be mistaken for either core temperature or skin temperature across the entire surface of the body. As such, caregivers should consider performing independent temperature measurements by placing an additional skin temperature probe on a site proximal to the RW heat source, such as the forehead or the chest, set to alarm if skin temperature exceeds 37.8 1C. Figure 1 . Fluctuations in radiant warmer (RW) heat output over time and the associated changes in (a) rectal temperature, local skin temperatures of the chest, abdomen, arm, forehead, as well as RW servo-control (1C); (b) heart rate (beats per minute) and mean arterial blood pressure (mm Hg); and (c) respiratory rate (breaths per minute). The vertical dashed line in a-c denotes when the RW was manually turned off by the nursing staff.
